Conventional albino rats treated with peroral chloramphenicol, gentamicin, and/or parenteral cortisone were challenged with Candida albicans. Antibiotics and cortisone were equally effective in predisposing the animals to colonization by the fungus. All animals treated with both antibiotics and cortisone developed defined, focal, superficial invasion of the cornified squamous epithelium of the stomach next to its junction with the glandular mucosa, as well as focal superficial invasion of the esophagus. Equivalent yeast cell and mycelial inocula of C. albicans were equally effective in producing colonization and invasion of the gut. Dissemination of the fungus from the gut was not found even after the addition of azathioprine to the treatment regimen; however, such addition did predispose to more extensive and severe lesions of the esophagus and stomach. Approximately 25% of infected cortisone-and antibiotic-treated rats developed agglutinins against C. albicans by 22 to 23 days after challenge, whereas 15% developed precipitins. The antibiotic-cortisone-treated rat may be a useful and consistent experimental model in the study of gastrointestinal candidiasis.
Infection by various Candida species is a serious complication of antibiotic, steroid, and immunosuppressive therapy and of altered host resistance in general (8, 11, 20, 29, 33, 34) .
A number of investigators have studied gastrointestinal candidasis in germfree and conventional chicks and turkey poults (1, 2, 35) , and in germfree and conventional mice with antibiotic treatment and manipulation of gastrointestinal microflora (12, 13, 25) . Experimental candidiasis in rats has also been studied (15, 16, 31, 32) . We have investigated the course of Candida albicans colonization and infection of the alimentary tract of rats treated with cortisone, antibiotics, and azathioprine. The goal was to produce significant gastrointestinal populations of C. albicans and initiate gut invasion so that the conditions known to predispose to the disease in clinical situations could be examined. We have also studied the progression of gross and microscopic pathological lesions and the serological concomitants of experimental alimentary candidasis by serial determinations of serum agglutinins and precipitins against C. albicans.
MATERIALS AND METHODS
Animals. Sixty-day-old female Holtzman rats, strain 4CD (Charles River Laboratories, Wilmington, Mass.), weighing 190 to 210 g, were used in all experiments.
C. albicans and all drugs except cortisone were administered without anesthesia via peroral, gastric intubation with polyethylene catheters.
Inoculum. C. albicans, strain B311 (Hasenclever, National Institutes of Health), was maintained on modified Sabouraud dextrose agar with transfers every 2 to 3 weeks.
Yeast-phase and mycelial growth were obtained using a synthetic medium (19) . Stained smears of suspensions prepared from these cultures demonstrated a 9:1 predominance of the yeast phase or of mycelial elements. Organisms were harvested at 24 h, washed, and weighed. Dry weight equivalents of yeast cells or mycelium were suspended in 0.85% saline at 11.3 mg/ml (3 x 103 colony-forming units per ml) as determined by serial dilution and Sabouraud agar pour plates. Rats were given 1 c Alkaline saline was substituted for the azathioprine solution in these animals to control for the effect of the pH of the azathioprine solution.
d Normal saline was substituted for the antibiotic solutions in these animals to control for the effect of the daily procedure of intubation and instillation. tibiotics, the average count dropped to 3,600 by day 10 of treatment.
Bacterial colony counts at 24 h after gentamicin or chloramphenicol are compared in Table  2 . No evidence of any acute or chronic bacterial infection was ever found.
There were no differences in prevalence, location, or degree of tissue involvement between those animals receiving the mycelial as opposed to the yeast cell inocula.
Colonization of the gastrointestinal tract by C. albicans. All inoculated animals receiving either cortisone or antibiotics or both showed significant and persistent colonization of the gastrointestinal tract as determined by fecal counts (Fig. 1) . Rats receiving cortisone alone and those receiving antibiotics alone were colonized equally well with C. albicans. Animals receiving both regimens showed a consistently higher colonization than those getting either cortisone or antibiotics alone. Colonization in cortisone-and/or antibiotic-treated rats receiving a mycelial inoculum was essentially identical to the colonization over time seen in those inoculated with yeast cells.
Colonization after the addition of azathioprine to cortisone and antibiotics was not appreciably different from colonization in animals without azathioprine (Fig. 2) . Animals receiving azathioprine alone showed a colonization pattern similar to those receiving no drugs. Both of the latter groups showed a rapid drop in fecal count within 2 days or, in one untreated rat, to nil after 21 days. Substitution of alkaline saline for azathioprine in cortisone-and antibiotic-treated rats did not produce a significant difference in colonization. No fungi were cultured from the rat feces before inoculation with C. albicans. After challenge, C. albicans was the only fungus cultured.
Pathological examination. Tissue invasion, when present, was limited to the esophagus, stomach, and oral cavity. The frequencies of esophageal and stomach infection in the various groups are presented in Table 3 . Almost 100% of animals treated with cortisone and antibiotics and C. albicans showed infection sharply limited to the squamous epithelium at the region of transition, where the forestomach joins the glandular epithelium. There were no pathological changes in other parts of the stomach. Lesions of the stomach in animals with azathioprine added to their regimens were also limited to this precise location, but were generally more severe. C. albicans invaded the squamous epithelium of the gastric mucosa but not the submucosa. As in the case of colonization, esophageal and gastric tissue invasion occurred only rarely in animals not receiving cortisone and/or antibiotics.
The combination of antibiotics and cortisone was more effective in promoting stomach infec-VOL. 13, 1976 on November 2, 2017 by guest http://iai.asm.org/ Downloaded from tion in the inoculated rats than either drug alone (by a x2 Zuill-Yates correction; P < 0.002 in both cases); however, the difference in prevalence of esophageal involvement between these groups was not statistically significant. The results from the animals treated with cortisone and saline rather than with antibiotics suggests that intubation did not add significantly to the effectiveness of parenteral cortisone alone in promoting infection.
Although stomach invasion was found in only one of the animals treated with azathioprine alone, the severity of lesions at this location was significantly increased when azathioprine was added to cortisone and antibiotics.
Since coprophagy of feces with high counts of C. albicans could lead to oral lesions, the tongues of six animals treated with cortisone and antibiotics were examined histologically. Five of the six tongues examined did indeed show foci of C. albicans hyphae in the superficial layers of the lingual epithelium.
Histology. The lesions observed were either "superficial," i.e., small numbers of hyphae in superficial portions of squamous epithelium, or "transmucosal," i.e., numerous hyphae, total mucosal involvement, and inflammatory reaction. The latter were seen only in the stomach.
The lesions are tabulated in Table 3 and illustrated in Fig. 3 through 7 .
Lesions of the lingual epithelium consisted of hyphal elements in the superficial layers without inflammation or other structural changes.
Penetration of the fungus beyond the basement membrane was not observed in either the stomach, esophagus, or tongue.
Serology. None of the animals demonstrated serum agglutinins or precipitins before challenge with the organism. Agglutinins were developed in the serum of animals receiving cortisone only; however, some of the animals in the group receiving antibiotics and cortisone developed both agglutinating and precipitating antibodies (see Table 3 ). The animals which developed precipitating antibodies developed them to only cell wall components of the yeast. DISCUSSION The development of endogenous C. albicans infection probably occurs in three phases: gastrointestinal colonization, mucosal invasion, and ultimately, blood stream dissemination. However, it is not yet clear whether, or how, these phenomena succeed each other in natural or experimental infection.
Our rats were free of candida before the ex- been suggested that certain components of the normal flora suppress fungal growth by altering the pH and redox potential (13) . In our study, parenteral cortisone also significantly increased susceptibility of rats to stomach and esophageal candida infection and was equal to antibiotics in facilitating gut colonization. In fact, the two treatment modalities were virtually additive in these regards. Cortisone and antibiotics used together resulted in gastric infection of all of the experimental animals so treated.
The rat is considered "steroid sensitive" and shows lymphocytolysis and decreased effectiveness of remaining lymphocytes after cortisone treatment (6) mediated immunity, which is the main immunological defense against fungal infection (9, 10) . Glucocorticosteroids also decrease host inflammatory responses through decreased lysosomal lability and containment of lytic enzymes (41) . Although these steroid effects may have played a role in decreasing host resistance, they do not provide a completely satisfactory explanation for our results, especially in view of the uniform vigor of host cell responses of all gastric candida lesions, whether in steroid-treated rats or in animals treated otherwise. Steroids have a diabetogenic effect; Knight and Fletcher (17) found C. albicans overgrowth in human saliva with increased glucose levels regardless of whether this had been induced by diabetes mellitus or by steroid administration. Cortisone also decreases gastric mucus secretion and qualitatively changes carbohydrates in mucus (22) . Yet another possibility is steroid-induced mucosal ulceration followed by superinfection with C. albicans. However, we have no pathological evidence that infection occurred at the site of any preexisting lesion.
Cortisone-and antibiotic-treated rats were additionally treated with azathioprine in the hope of stimulating dissemination from the alimentary foci of infection. Dissemination did not occur within the observation time of 12 days (which may have been too brief). On the other hand, mucosal lesions in the azathioprinetreated rats were more extensive and severe, and this could not be attributed to the alkalinity of the azathioprine solution. Azathioprine is known to depress lymphocyte function and inhibit inflammation (14) . However, in spite of falling peripheral leukocyte counts, the gut lesions in our azathioprine-treated rats showed profuse inflammatory responses. Possibly, an effect of azathioprine on mucosal cell turnover could also have played a role in increasing susceptibility to local mucosal invasion.
A striking finding of the present work was the limitation of fungal invasion to the squamous epithelium of the rat alimentary tract and in particular the involvement of the epithelial fold ("Grenzfalte") immediately adjacent to the glandular stomach. Taschdjian et al. (40) found that vaginal candidiasis in mice could be induced only during that phase of the estrus cycle at which the mucosa is fully cornified. In the rat gut the most susceptible tissue is also a cornified epithelium. Localization of infection at the squamous-glandular junction may con-ceivably be related to the increased thickness of the cornified epithelium at this point or to the interruption of the smooth mucosal contour with pooling ofjuices that contain neutral cardiac gland secretions.
Candida serology is considered a potentially useful diagnostic tool in high-risk patients, e.g., in acute leukemia (26, 27, 30) , but many normal humans have measurable agglutinating antibodies against C. albicans (5), and precipitins are usually correlated with high agglutination titers (26) . High mean agglutination titers, precipitins, and increased prevalence of significant fluorescent antibody titers have been found in patients with vulvovaginitis, candidiasis of the skin, oral candidiasis, and chronic mucocutaneous candidiasis (20, 37, 39) , but in superficial candidiasis serological tests were not helpful (4, 28, 36 ). Our results demonstrate that localized lesions of the gastrointestinal tract can be associated with production of antibodies measurable by routine serological tests in a proportion of rats and suggest that serology in such situations may be of value in early clinical diagnosis, especially in light of the fact that up to 25% of patients with significant esophageal candidiasis are asymptomatic (8) .
Experimental studies, including the present work, suggest that the processes leading to gut colonization and local tissue invasion are not necessarily the same as those leading to dissemination by C. albicans. Evidence that C. albicans is capable of crossing the normal bowel wall was obtained by Krause et al. (18) . They found fungemia and funguria within several hours of ingestion of large numbers of C. albicans by a healthy subject and ascribed this passage to "persorption." Stone et al. (38) have implicated such passive transfer in the development of funguria in surgical patients with gastrointestinal colonization after antibiotics. Other investigators have produced clear-cut fungemia in dogs after instillation of large numbers of yeasts through duodenal tubes (3). It is not clear whether true systemic candida lesions occurred in any of these fungemias, nor is it clear whether systemic candidiasis can occur in the absence of any gastrointestinal, mucosal invasion unless the inoculum takes place directly into the blood stream. In the present work, there was no evidence of metastatic candidiasis in spite of significant infestation of the gut, but there was some evidence of fungemia without visceral lesions (see pathological findings, above). Therefore, additional conditions must be met for candidiasis to proceed from gastrointestinal to systemic lesions.
The model presented in this paper could be used to elucidate some of these variables.
